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灰石 (Hydroxyapatite, HA) 组成的有机/无机复合体。从仿生角度出发，希望得
到一种具有优异的强度和韧性、功能适应性以及对损伤具有自愈合能力的支架
材料。壳聚糖 (Chitosan, CS) 是一种碱性多糖，带正电荷，具有良好的生物相容
性和可控的生物降解性，能促进骨细胞的分化，有助于骨骼的生成。聚己内酯
(Polycaprolactone, PCL) 是一种人工合成的脂肪族聚合物，对人体无毒，植入人
体后可被缓慢吸收，且具有良好生物相容性和力学性能。本文以 CS 和 PCL 为
有机材料，引入具有生物活性的无机材料，制备兼具有机和无机材料的特性的
复合骨修复材料，并对其理化性能及细胞相容性进行研究。 
首先，通过水热法制备聚丙烯酸 (PAA) 改性的棒状纳米羟基磷灰石 (HA)。
FTIR、XRD 和 TEM 分析结果显示：制备获得了径向尺寸为 10-30 nm，长度为
60-150 nm 的棒状纳米 HA。用 PAA 改性 HA，通过 PAA 的添加量可控制纳米
HA 的长径比。PAA 可在 HA 表面形成一层薄膜，且对 HA 的晶体结构未造成
显著影响。 
其次，以醋酸/丙酮为混合溶剂，溶解不同配比 CS 和 PCL，并在有机基质
中添加不同含量的 HA (0-40%)，搅拌均匀后，-20 ℃预冻，通过冷冻干燥技术
制备 CS/PCL/HA-PAA 三维多孔支架材料。理化表征显示：复合材料中，CS、
PCL、HA-PAA 之间存在分子间氢键，分子间氢键间的形成抑制了 PCL 在复合
材料中的重结晶。SEM 结果显示，在复合材料中存在孔径不一、相互贯通的
孔；用烯酸去除 CS 和 HA，剩下的 PCL 彼此间相互连通，形成支架材料的骨
架。力学性能表明：随着 HA-PAA 在复合材料中的含量从 0%增加到 40%，弯


















导行为进行了初步研究。研究结果表明：将 HA-PAA 添加到 CS/PCL 复合材料




以六氟异丙醇 (HFIP)为溶剂溶解 CS、PCL，通过溶液浇铸的方法制备 CS-
PCL 复合膜，然后将制得的 CS-PCL 复合膜浸泡在 10×SBF 溶液中，在材料表
面矿化形成类磷灰石层。理化表征表明，CS-PCL 复合膜在 10×SBF 溶液中浸泡
6 h 后，在材料表面形成花椰菜状类磷灰石，浸泡时间延长至 24 h，形成连续的
类磷灰石层；CS 与 PCL 共混，改善了 CS/PCL 复合膜表面的疏水性。WST-1
实验结果表明，矿化过程能促进 MC3T3-E1 细胞的分化；MC3T3-E1 细胞在矿
化后的复合材料表面粘附、铺展、延伸，细胞增殖速度高于未矿化的复合材
料。 
以 45S5 生物活性玻璃 (BG) 为原料，采用有机模板复制法制备 BG 多孔陶
瓷支架，接着将其浸泡在 CS-PCL 混合溶液中，室温干燥，获得涂层 BG 支
架。然后将 CS-PCL 溶液滴加在涂层 BG 支架表面，-20 ℃预冻后，采用冷冻干
燥技术制备涂层 BG/CS-PCL 双层支架材料，并观察骨骼层 (涂层 BG 层) 软骨层 
(CS-PCL 层)间的界面形貌。采用 MG-63 细胞对 BG 支架和涂层 BG 支架的体外
细胞相容性进行研究。同时，将涂层 BG 支架材料装载药物万古霉素，研究其
体外药物释放及其体外降解行为。 




















Bone Tissue Engineering is a multidisciplinary research area with clinical 
applications in bone repalcement on orthopedic defects. The ideal synthetic cell 
scaffold should be biocompatible and biodegradable, can offer adequate space for cell 
living, benifiting for cell to get enough nutrition, proceeding gas exchange and 
excreting waste. Furthermore, it should be able to stimulate new bone growth, 
resulting, finally, in native bone tissue with no trace of the scaffold. The natural bone 
consists of orderly arranged collagen and the orientation of nano-hydroxyapatite. Seen 
from the Angle of the bionic, we want to get a scaffold with excellent strength and 
toughness, functional adaptability and self-healing ability to the injured tissues. 
Chitosan (CS), a naturally derived alkaline polysaccharide and has generated normous 
interest due to its easy availability (deacetylated from chitin, the second most 
abundant natural polymer), positive charge, biodegradability and good 
biocompatibility. It is promoting the cells differentiation and the formation of the 
bone. Polycaprolactone (PCL) is semi-crystalline aliphatic polyester with sustained 
biodegradability, non-toxic, good biocompatibility and expectant mechanical strength. 
In our study, CS and PCL were used as the organic matrix, after that bioactive 
inorganic filler materials were introduced into the system to produce bone repair 
composites, which contained both organic and inorganic materials’ properties.  
Firstly, nano-hydroxyapatite (nHA) was prepared via hydrothermal method in 
the presence of poly(acrylic acid) (PAA). FTIR, XRD and SEM results showed that 
nHA with rod-like shape, 10-30 nm in diameter and 60-150 nm in length was 
prepared. An amorphous layer was detected on the surface of PAA modified HA, 
while there was no impact on the crystallization structure of HA. In addition, the 
additive amount of PAA could control the draw ratio of HA.  
Secondly, scaffolds composed of chitosan (CS), polycaprolactone (PCL) and 
HA-PAA were prepared by freeze drying method, using formic acid/acetone mixture 
as a common solvent. The mass fraction of HA-PAA in the scaffolds ranged from 0 to 
40%. Physicochemical results revealed that hydrogen bonding interactions existed 
among CS, PCL and HA-PAA, which suppressed the recrystallization of PCL. It was 
observed that a large number of pores existed in the composites, and the inside pores 

















Removing CS and PCL in the composite and finding that PCL left in the scaffolds 
was interconnected, forming the skeleton of the scaffold. The mechanical results 
demonstrated that with the mass fraction of HA increased from 0% to 40%, the 
hardness of scaffolds increased 28.57%, while the flexural stress and the flexural 
modulus decreased  59.36% and 20.93% , respectively, compared with CS/HA-PAA 
control. 
Thirdly, we study the effects of scaffolds on MC3T3-E1 cells by measuring the 
viability, proliferation, adhesion, alkaline phosphatase activity as well as 
mineralization assay. The results showed that adding HA-PAA into CS/PCL 
composite could promote the proliferation and differentiation of pre-osteoblastic cells. 
The cells secreted extra-cellular matix (ECM) since cultured on the suface of the 
composite for 7 days. Cells cultured in the extract media for 21 d showed the 
formation of a large number of mineralized nodules on all samples. This result 
demonstrated that the composites can promote the deposition of calcium salt in the 
EMC of osteoblasts and promote the growth of new bone. 
CS-PCL film was prepared by solution-casting method, using hexafluoro-2-
propanol (HFIP) as the common solvent.  After that, the CS-PCL film was immersed 
into a novel concentrated simulated body fluid in order to form biomimetic calcium 
phosphate on the surface of films. Physicochemical results showed that cauliflower-
like apatite particles formed on the surface of the films after a 6 h of immersion in 
10×SBF, and the composites developed a continuous of apatite layer after a 24 h 
immersion. The hydrophilicity of PCL was improved with the addition of CS. WST-1 
assay showed that SBF-treated composites stimulated the differentiation of pre-
osteoblastic cells. SEM images of the cell-seeded scaffolds revealed a significant 
promotion of cell adhesion and spread in SBF-treated composites.  
45S5 Bioglass® (BG) scaffolds were prepared via replication technique. Then, 
the BG scaffolds were immersed into CS-PCL solution and dried at room temperature 
to get coated BG scaffolds. After that, the CS-PCL solution was applied to the 45S5 
Bioglass® scaffolds and the samples were frozen at -20 ℃ overnight, and lyophilized 
to prepare 45S5 Bioglass®/CS-PCL bilayered scaffolds. The physicochemical 
characterizations and cellular biocompatibility of uncoated and coated BG scaffolds 
were studied. The interface between BG layer and polymer layer was studied by SEM. 
The effects of coated and uncoated BG scaffolds on MG-63 cells were studied by the 

















scaffolds were loaded with vancomycin, and the degradation and drug release 
behaviors of bare and coated BG scaffolds were studied in a phosphate buffered saline 
(PBS) solution.   
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